Amyotrophic lateral sclerosis (ALS), also called Lou Gehrig's disease, is a late-onset progressive motor neuron disease first identified in 1869 by Jean-Martin Charcot. Its incidence is approximately two cases per 100,000, with a slightly higher prevalence in men. The progressive degeneration of motor neurons in ALS leads to neuron death and loss of muscle function. Patients become partially or totally paralyzed, but their cognitive functions usually remain unaffected.
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One of the pathological features of both sporadic and familial ALS is the presence in motor neurons of axonal spheroids and perikaryal accumulations comprising NFs and/or peripherin. 2 NFs in perikaryal aggregates are extensively phosphorylated, while this occurs normally only within the axon. 3 A 70% decrease in levels of NFL messenger RNA (mRNA) in degenerating neurons of ALS was reported concomitantly with a decrease of α-internexin or peripherin mRNA levels. 4 It is also interesting to note the presence of high NFL levels and auto-antibodies against NFL in the cerebrospinal fluid of ALS patients. 5, 6 Codon deletions or insertions in the lysine-serine-proline (KSP) repeat motifs of NFH have been identified in a small number of patients with sporadic ALS, [7] [8] [9] and are being viewed as a risk factor for the disease.
However, two other studies failed to identify variants in the NF genes linked to sporadic and familial ALS, 10, 11 suggesting that mutations in the NF genes are not a systematic common cause of ALS. By contrast, several mutations in the NEFL gene have been linked to Charcot-MarieTooth disease. [12] [13] [14] [15] A frameshift deletion in the peripherin gene has also been discovered in a sporadic ALS case. 16 Neuronal IF abnormalities in ALS may also occur as a result of posttranslational protein modifications. Indeed, advanced glycation endproducts were detected in NF aggregates of motor neurons in familial and sporadic ALS. 17 Moreover, Crow et al. 18 showed that SOD1 can catalyze nitration of tyrosines by peroxynitrite in the rod and head domains of NFL.
However, no significant changes were detected in the nitration of NFL isolated from cervical spinal cord tissue of sporadic ALS cases. Table 1 ).
In the case of ALS, the mechanisms governing the formation of IF aggregates are still not clearly established. There is evidence that IF accumulations could result from defects of axonal transport or from abnormal stoichiometry of IF proteins. Perturbations of NF axonal transport is one of the earliest pathological changes seen in several transgenic mouse models of ALS. [20] [21] [22] Phosphorylation changes might be involved. 27 overexpression of dynamitin (the sub-unit of the dynein-
Maldistribution of Neurofilaments, Disease Pathogenesis, and Amyotrophic Lateral Sclerosis 31 Overexpression of peripherin provokes late-onset motor neuron degeneration in transgenic mice. 36, 37 The motor neuron loss is preceded by axonal transport defects and formation of axonal spheroids.
Interestingly, NFH overexpression abolished the formation of axonal spheroids that might block transport. These findings illustrate the importance of IF protein stoichiometry in the formation, distribution, and toxicity of neuronal IF inclusions.
In ALS, there is a 70% decrease in levels of NFL mRNA observed in degenerating motor neurons. 4 This could be due in part to modification in the stability of their mRNA. Ge et al. 39 have shown that ALS-linked SOD1 mutant proteins bind to and destabilize NFL mRNA whereas normal SOD1 does not. Moreover 
Mouse Models with Neurofilament Abnormalities
In the last two decades, the gene-targeting technique and transgenic mouse approaches have been used to investigate the contribution of cytoskeletal abnormalities in ALS pathogenesis (see Table 2 ).
Evidence that NF disorganization in vivo can provoke neuronal death came from the observation that expression of a mutated NFL protein 42 or of an excess of peripherin 36 In mouse models, some types of NF accumulation correlate with motor neuron degeneration, whereas others seem to confer protection. The toxicity or benefit of NF accumulations could be due to differences in their localization (perikaryal versus axonal) and their ability to block fast axonal transport and sequestrate other vital organelles, such as mitochondria. n
